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Jndian Standard
HOROLOGICAL
PART
NATIONAL FOREWORD

VOCABULARY
SCIENTIFIC DEFINITIONS

1 TECHNICAL

AND

This Indian Standard ( Part 1 ) which is identical with IS0 6426/l : 1982 `Horologicat vocabulary - Part 1 : Technical and scientific definitions', issued bv the International Organization for Standardization ( ISO) was adopted by the Bureau of Indian Standards on 8 September 1988 on the recommendation of the Horological Sectional Committee ( EDC 82) and approval of the Mechanical Engineering Division Council. In the adopted standard certain terminology and conventions are not identical Indian Standards, attention is specially drawn to the following: a) Wherever the words `International Standard' should be read as `Indian Standard'; and appear, with those used in

referring to this standard,

they

b)

Comma (, ) has been used as a decimal marker while in current practice is to use point ( . ) as the decimal marker.

Indian

Standards

the

CROSS

REFERENCE Standard Corresponding Indian Standard

International

Degree of Correspondence
Identical

IS0 31/l : 1978 Values units of space and time

and

IS 1980 ( Part 1 ) : 1982 Quantities, units and symbols : Part 1 Space and time

As in the Original Standard, this Page is Intentionally Left Blank

IS 12745 (Part 1) : 1#88

IS0 6426/l : 1882

1

Scope and field of application

in the dates, taken in this order, of the entl of the interval (hj) and the beginning of it (hi). NOTE - In a uniform time scale, by applying formula (11, the expression of the duration is given bv the relation
: T = A Cfj ti) . . .

Thii part of IS0 6426 defines the principal technical and scientific terms used in the horologicel industry. These definitions apply to time-measuring instruments or to related devices.

A table summarizing the values and units of measurement associated with the definitions is given at the end of this part of IS0 6426.
NOTE - The definitions of technical and commercial terms will form the subject of a future International Standard.

(3)

serves

or even more simply, if 1 = 1, that is if the uniform time scale as a reference :
T = tj ii . .

(4)

2

Reference

IS0 3111, Values and units of space and time.

3

Definitions

In this case, there is a pure and simple identity between h and t when the indices agree and the unit of duration is the second as defined in the international system (SI). If, in addition, the indices are themselves chosen from a completely ordered whole and if j > i, then tj > ti and T > 0. The date (hi) is prior to (hi). 4 state (El of an instrument at the instant li : The difference at a precise marked instant li, between the date h, which it indicates and the reference date H,
Ei = h, - Ht

The order in which the terms are given is a logical order,

without any intention of classification and the numbering of the definitions does not indicate any scale of importance. 1 time : Undefined medium in which existing objects appear to develop irreversiblyin the changes which they undergo, and in which events and phenomena appear to occur in their succession. To this medium corresponds a quantity tallowing, over a time scale, the chronological order of events. 2 date (h or HI : In the physical sense, thk date of an event, related to the time scale associated with a time-keeping instrument, is the mark of the precise instant (II;) where it appears in the completely ordered chronological sequence of the successive indications displayed by this instrument. In a uniform time scale, of which the origin has been suitably chosen, the succession of dates h as a function of the continually increasing parameter I may be described by the relation :

. . Kd

The unit of the state is the second.
NOTE - If there is dire& access to a re%rence sc~e of time maintained by a standard clock for the purpose of marking a date H. the checking of a time-keeping instrument maintaining its own scale of time h by comparison with the standard consists of dating, that is by simultaneously marking the same event in two scales of time.

When a difference in dates is established (h -H),

:

the instrument to be checked has gained in relation to the standard clock if Ei > 0;
the instrument to be checked has lost in relation to the standard clock if /Yi < 0. 5 instrumental correction (Cl : The correction of the date which should be made algebraically to the hour read as h, to obtain the reference hour H; at the instant t,.
C, = - E, : H, ~ hi

h = It - h,
NOTE -

. . . (11

A represents a factor which relates to the choosen unit. rime (h,. hi),

(6)

3 duration 0, r) : The duration r of an intervalof defined in a given time scale, is the difference

This correction is negative if the instrument gains and positive if It loses in relation to the standard clock.
The unit of instrumental correction is the second.

. . (2)
`3
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6 rate W,) of an instrument for the duration r of an interval of time marked at the instants tj and t, : The ratio of the variation of the state in a duration r to the value of this duration. This is a dimensionless quantity.

8

speed

[M,(r)]

tends towards zero

: Limit value of the rate at thd instant 1, if T :
SE(t) = ___ (10)

Limit M,

=

(AE)z , i.e. M,(t)
7

(AE), M, = T

T-+0

..
This is the derivative of state E(f J in relation to the time 1. From this is deduced

:
= ~;`M,(t)& Cl .. .

In general, the interval of the observation time is fixed by the dates Hj and H, marked on the instants tj and rj of the reference uniform time scale. tj li > 0, that is the indices increase with the time

E&l

- E&l

t.
M,,(f)

.

is a function of the time (continuous or non-cantinuous, expressed without dimension.

One has : Mtli _ ,i, =

Ei - Ei _
Hj - Hi

E-E J
Alto tib

analytical or aleatory...)
1

. . . (8)
NOTE - d is tha symbol of the duration of the day (86 400 SJ and 6 is the symbol of the differential elements in the mathematical sense

When the observations are made in the reference scale of time, il = 1 and since T = tj - ti,equation 8 is written

:
. . . (9) 9 rate in time (fi +
r);

E(ti + ~1- E(ti) M,(ti) = 5

average speed (. d'd : The mean of
and specified interval of time T.

the speed during a determined

The basic unit is the second per second (s/s). but horological usage requires that the rate be expressed also in seconds per day (s/d).

.//,(ri) = ~

S:i'`M,(t)Gt
I

.

.

1111

It is conventionally The rate is positive if the gain increases or if the loss decreases and inversely. In general, the rate depends on the time, the instants, and the physical parameters describing the environment of the instrument.
NOTES 1 If r = kd. h'Jlo)

expressed in seconds per day.

= Mdk

2 //comes from the determination of the variation in state of a ttme. measuring instrument when the law of change in its speed is known. Let pi (r j be the densio/ of probability of the speed M,(f) established or known during the interval of time T, M,(r) being in the most general sense a stochastic function at a certain low ergodicity; one can therefore write : E i M, > = MO where

7 particular rates : These correspond to specified observation intervals but retain their expression without dimension. Conventional units can be chosen from the second per day (s/d) or any other similar unit (s/a, s/h, s/min).

rate per period of the oscillator (5 = rate per second (t = 1 s) rate per minute (t = 1 min)
Md : daily rate (T =

T)

3 The mean speed ( //rl of the instrument dudng the time Interval r. is also Its rate M,. The rate is derived from the total observation of the operation of the timeikeeping instrument. while //, results from its In finitesimal analysis; this leads to an increased knowledge of its perfor mance.

'

'

1 d)

Ma
FJOTES

: rate per year (5 = 1 a)
10 instantaneous rate (m,) : Voluntary use will be made of the insranraneous rare when the mean speed of an instrument is marked on a chrono-comparator in a reference environmental condition r and during a short interval of time. It is conventionally expressed in seconds per day (s/d).
NOTE The Index r indlcares all the specific conditions of the envbron

1 lr should always be borne in mind that only the index r of M indicates the interval of time for measuring the rate (M,: T = Is; M,in : T = 1 min; Md: r = Id). The unif used does not necessar,lv speclfiy the interval of time during which rhe measurement of the rate is made. The unit can only be changed by a calculation. For example 1 s/d 1 s/a : = 1,157 x Tom5 l/86400 x 365.242 198781 S/S

= 1/864oOs/s = l/31

ment at the ttme of measurement of the instantaneous rate Its presence is descriptive; it therefore has a very vaned expression. For example, ,ng ,, 30 oc specifies the positlon of the watch (vertical, 6 hours upwards) and the temperature of observation I30 "Cl In another example, rrr, indicates the value of the Instantaneous rate marked at the beginning of thejh sequence of a chronoioglcal succes slon of observations where the environmental conditions are indexed elsewhere.

556 925,974 7 s/s

= 3.169 2

K 10-8 s/s for the duration of unit is

The da//y rate A4,, IS the rate of the Instrument

one day (T : Id). Its only other mdlcatlon IS M. Its conventional the second per day (s/d).

4
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11 probable mte; probable daily rate ( ./$,I : By means of a functional F of the instantaneous rate obsewed in specifii
environmental conditions reflecting conditions of normal use of the instrument during a duration r, the rate which the timekeeping instrument would probably have if it were placed or used during an equivalent interval of time in real conditions similar to normal use is defined by mathematical or physical simulation. For example :

Generally, the drift depends on the time, the instants and the parameters describing the environment of the instrument.

13 particulardrifts : These correspond to specified observation intervals. Conventional units can be chosen from the secondperdaysquared (s/d*lorthesecondperday-year ls/(d.a)l.

Q =

$ [M*(ti

+ ?.) -

Molti)]

. . . (Mb)

.Mpr= F

[.,&)1

or F

(mjl

. . . (121

Dd : daily drift (7 = IdI

when reference is made to ttm observation of the instantaneous rate of when the environmsntal conditions change, representing the interval r or during a succession of specified confiiurationsofh3velj.
When the interval of time chosen to express the probable rate is the day, and the specified environmental conditions correspond to it in their totality, (r = 1 d), one has the pro&b/e

Da : annual drift (T = la)
NOTE - It should ahvays be borne in mind that only the index r of D indicates the interval of time for the measurement of the drift. The unit used does not necessarily specify the interval of time during which the measurement of the drift is tirried wt. Any changa in the unit must be made by a calculation.

daily rate : J&,
For example

also marked as JP for simplicity.

14 deviation (0,) : Limit value of the drift at the instant t if T tends towards zero :
Q(t) = (jnD,
=

:
(12al

h

(AMA T

= ___

tiMok)
61

= -

@E(t) 80 ..

. (14)

7+0 or F bnj), or F (Mi)

s+o

Thii is the derivative of the speed in relation to the time I. From this is deduced

when reference is made to the observation either of the instantaneous rate during an interval of time not necessarily equal to 1 day but having all the environmental conditions equivalent to those of one normal day of use, or to a succession of irrstantaneous or daily rates marked in the specified condkons of level j. The probable rate, as well as the probable daily rate, is conventionally expressed in seconds per day (s/d). in principle from a confidence actual conditions of use of the time-keeping chronometric capacities. They are obtained interval which depsnds on the instrument and its

:
=

MOO,) - M&J

s
r1

t D&t 0

St

The mean value of the deviation during a duration r represents the drift during this duration : 1 Iii?

D,(fil

= -

Ts , li

D&)Gr

. . . 114d

The devi#tion D&t 1is expressed in seconds to the power minus one (s-1). It is a function of the time and the parameters 12 drift @I of an instrument during the durarlon 7 of an interval of time marked at the instants fi and li : The ratio of the variation in the speed during a duration r to the value of this duration. describing the environment of the time-measuring instrument or the oscillator. It can therefore only characterize it at a specified instant. NOTE - The chronomerric stability of a time-measuring instrument is its ability not to vary in rate and speed over 8 period of time. It may be examined in the very short term, in the short term,, . , in the long term. Its expression in figures is given a confrario (instability) and, according to the case, by the value of the deviation and the drift. In order to explain the characteristics of an oscillator in the same way, ( must be specified, the instant of the beginning of observations and the indexed conditions of its functioning (environment, amplitude of oscillations, etc.). The daily or annual drift is a characteristic expression for chronometric ageing.

(AM,,, D, = I__ 5
Generally, the observation time interval is defin& by the dates

ff, and H, marked at the instants fj and t, of the uniform reference time scale. tj - fi > 0, that is the indices increase with rhe time f. One has

:

Dq -

MO, - Moi
1,) =
H,

Moj___( - M,
=

15

variation in daily rate ( V) : The difference between two
and specified interval of

/ - H,

G, -

.

(13)

ti)

daily rates marked at a deterrnined time :

The basic unit is. the second to the power minus one (s-1); but korological usage requires that the drift be also expressed in seconds per day squared (s/d21.

l'r(ti) = Md(t, + ~1 - Md(ti!
where
T =

(15)

k'd in general and k' > 0 and anything.

5
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Two consecutive daily rates are normally considered and, in this case, k' = 1; from this the da/y variation of daily rate V,, can be derived, conventionally expressed in seconds per day :

For an oscillator one has exactly

having a stable period at a given moment __

AT T

=

-

M, (rate per period), if the time

V,lti) = M,(t; + Id) - Md(ti)
NOTES

. . . (16)

scale is indexed on the value of the nominal period T,. 18 difference on the frequency (ASI : For an oscillator, the
of the frequency minus the nominal value.f,

actual value&

:

1 In certain conditions the observation interval may be extended to one year from which the ennuel vericrrion of daily rate is obtained : V,, conventionally expressed in seconds per day :

Af = f,- fn
The difference on the frequency is expressed in hertz. 18

.. Af

(21)

V&J = M&

+ la) - M&J

. . . (17)

2 According to these definitions, the variation in daily rate corresponds to a restrictive notion, improper but practical concept of the drift. It resolves the experimental difficulty of expressing the speed always more or less variable due to the instability of the oscillator as well as the`difficulty of permanently and accurately complying with the phase of the oscillations. In general and so as to avoid the above difficulties, a more pertinent expression of a variation in particular rate within a given time will be provided by the value of the relative variation designated as the differential drift : D,,, r*

7 : 0 For the oscillator of a time-measuring instrument, the ratio of relative, difference on the frequency
(Afl to its nominal value (fr,)

the difference on the frequency

:

Af -=f

fx - fr, fn

fZ?l

The relative difference on frequency is expressed in hertz per hertz. This is a dimensionless quantity. For an oscillator one having a stable frequency rate at a given the

D T,, q(fj) = '

51 -

lJZT*lti + 5,) - .62&)

I

1

. . .

moment,

has

exactly

Af
-

(18)

where r24

rt

duration r of the measurement of the frequency f, of the oscillator if the time scale is indexed on the value of the nominal period T,, = llf,.

f

= M,,

during

.

expressed in seconds to the power minus one (s-1) and, conventionally, in days to the power minus one, (d-t), years to the power minus one (a-1) or seconds per day squared Ls/d2). The notation of the second index r2 indicates the duration of the evaluation of the mean speed (see 9) or the instantaneous (see 10). The differential ple rate drift will have a more practical and

20 deviation and drift (of frkquency) of an oscillator (0: and 07 : The actual frequency of the oscillator of a timekeeping changes instrument is subject to variations and, generally slowly and naturally as a function of time. In con-

sideration of the interval of time during which the actual frequency has changed in relation to the nominal frequency, by applying the definitions in 12 and 14 we strictly have the following definitions

restrictive use than the specific drift defined in 13; for exam-

: Dd 1oT : daily drift of the instantaneous rate marked on

:

ten periods of the oscillator; D, tmin 1 min; '

(of an oscillator) (DE) : Derivative in relation to the time I of the relative difference on frequency considered as a function of time.

208) deviation

: daily drift of the instantanous rate marked on

D;(t) = -

- (4 s"l ": [

1
Af

.
s (1,) I

(23)

-

Da,td : annual drift of the daily rate; here it corresponds

expressed in seconds to the power minus one.

to v,.

#)bI
16 difference on period (A T) : For an oscillator, the actual value TX minus the nominal value'T, : A T = T,, - T, The difference 17 on the period is expressed in seconds. . . . (19)

drift (of an oscillator) (02 : Mean value of the deviation during a determined specified interval of time r :

(241

.f,fl, + r) -. ./Jr,)
7 * .L

relative difference on the period

(

F

>

:
the r&o of

For the oscillator of a time measuring instrument,

the difference of the period (A T) to the nominal value T, 0; it

:

As in 12 and 13, this expression of the drib (of frequency) be extended to daily and annual drifts.

may

AT -=~T

TX - T,, T"

Lm

The relative difference on the period is expressed in seconds per second. This is a dimensionless quantity.

NOTE ~~~ When the oscillator under consideration forms the time base of a time-keepiny instrument, D: IdrIft of the oscillator) is equal to D, (drift of the time-keeping instrument) If all the possible errors of the irv tegrating and lndtcatlng dewces are nil lor un general negligible).
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Table Physical value Time Date Duration, of time State Variation of state Instrumental Rate Rate per period Rate per second Rate per minute Daily rate correction interval Symbol of values and units

Expression

Equation

Xmension

Si unit

Pratical units

-

h. H
t, r
E AE c

h = At - h,
r = h, I = tI E, = h; h; in general

(1)
(2) (4) 15) see (7) (61 see (8)

S s S S S S

ti in particular (d = 1)
H;

a, d, h, min ms, us, ns, ps, etc.
S S S

AE = E, - E; Ij > i) C; = - E, = H; - h, M, =
t= r=ls 5 = 1 min 1T

E, - 4'
Hj - H,

; Hj - Hi = T

sis

s/d,

s/a

S/S

-

s/s s/s

&,

M

t=ld (10)

-

S/S

s/d, min/d

Speed
Rate in time

MO

s/s

(11)

-

s/s

s/d

u; + 5)
Mean speed

lnetantaneous Probable rate Drift

rate

f m,(t1) = L-

A$ =Fm,(t)1
= t1

s
I

t1+r

M,r(tl

r-0
6t
(12a) (14a)

-

s/s

s/d s/d d-l, a-1, s/d2

S/S

D,(t;) = +

1:;+ 5D,(t)&

T-1

s-1

Particular drifts Daily drift Annual drift Differential drift

1. M.&i 5 C
r = Id
I =

+ r) - MJtJ

1

(14b)

T-1 T-1 T-1

s-1

s/d2 sld2, d-1 s/(d.a), a-r

s-1 s-1

la = (18)

D r,, .w

T-1

s-1

sld2, d-t, a-l

Deviation variation in daily rate Daily variation in daily rate Annual variation in daily rate Period (of an oscillator)
vd

D,(t) = -

6MJt)

6t

= __ St2

@E(t)

(14) (151

T-1 -

s-1 . s/s

d-l, a-l s/d

V,(t,)

= k&k;

+ Id)

-

h'f&;)

(16)

_

s/s

s/d

V,

v&j)

=

hf&;

+ Ia) - M&j

(17)

-

S/S

s/d

7

At + kT) - x(t), such that f and k are integers

T

S

;, ms, us, ns, ps, etc

Difference on the period Relative difference the period on

AT ATIT

A T = TX -

T, TJIT, =

(19)

*T

S

i, ms, us., ns, ps, etc

AT/T = (TX - MT

(20)

5:s

s/d. s/a

Frequency (of an oscillator)

f --

f=

1/7-____

T-'
~_

Hz

Hz. alternations/h

7
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Table

of values
Erpression

and units (conclocfed)
Equation Dimension

Physical value Difference on the frequency Relative difference the frequency Deviation (of an oscillator) Drift (of an oscillator1 Daily drift (of an oscillator) Annual drift (of an oscillator) Pulsation (of an oscillator) on

Symbol
Af Af =fx -fn

St unit HZ

Practical units Hz

(21)

T-1

Aflf

Aflf

= Cf, - f,,lf,
6

= M,

m

-

Hz/Hz

s/d. s/a

0:

D;(r)

= -

61 7(I' 1
Af [
+ 4 fAri)

Q3)
(24)

T-1

s-1

S-1

Dw(t.j
T I

=

fAti

T-1 T-1

s-1 s-1
s-1

r T = Id

* f*

s-1 d-1, s/d2

0:

5 = la w = 2xf

T-1

a-1, s/(d.aI

I
0 T-1 radls radls

Table for the conversion of practical units into SI unite and vice versa 1 s/d 1 s/a = 1/99409s/s = l/99 = l/31 7 1,157 x W5

:

409 x 395,242 199 791 s/s 999 929,947 7 s/s = 3,199 x 10-a s/s x s-1 = 1,197 x lCF5s-1 7 s-1 = 3,199 x 10-s s-1

1 d-'

= l/86400

1 a-l = l/31 566 929,974

1 s/d* 1 s/(d

= l/(86

400)2 x s-1 = 134

x ltF'rJs-l
l&13 s-1

- a) = l/(99 40912 x 365.24 x s-1 = 3.67 x
per hour.

1 Hz = 7 200 alternations

, 8
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Alphabetical
Technical term Annual variation in daily rate Chronometric stability

index
Term No. 15 7 13 7 15 2

Daily drift, annual drift Daily rate Daily variation in daily rate Date Deviation of an oscillator Difference Difference Differential Drift Drift of an oscillator Duration. instantaneous Instrumental Mean speed Particular drifts Particular rates Probable daily rate Probable rate Rate of an instrument Rate in time Relative difference Relative difference Speed State of an instrument Time Time interval Time scale
Varintinn in dailv rate

2Oa)
18 16 15 12 26 b) 3

on the frequency on the period drift

rate correction

10 5 9 13 7 11 11 6 9 on the frequency on the period 19 17 a 4

1
4 3 15
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